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ABSTRACT—A detailed redescription of the Late Triassic archosauromorph reptileDoswellia kaltenbachi Weems, 1980
from the Poor Farm Member of the Falling Creek Formation in the Taylorsville basin (Newark Supergroup) in Virginia is
presented based upon additional preparation of the holotype. The euryapsid skull has a distinctive occiput with a
prominent supraoccipital process that is flanked by posterior “horn-like” projections of the squamosals. Postfrontals,
tabulars, and postparietals are absent. Plesiomorphic features of the palate and braincase include a plate-like horizontal
parabasisphenoid, a pair of foramina for the internal carotid arteries on the ventral surface of the basisphenoid, and two
fields of teeth on the palatal surface of the pterygoid. A sharp angle along the cervical and anterior dorsal ribs clearly
separates the dorsal and lateral sides of the neck and anterior thoracic region. The posterior thoracic region has shorter
ribs that project laterally with only a slight curvature. The ilium has a laterally deflected blade with numerous deep
grooves along its distal edge. The laterally extensive set of osteoderms includes a nuchal element that is composed of
several interlocking osteoderms that lack the arrangement in distinct transverse rows that characterizes the remainder of
the osteoderms. A phylogenetic analysis of basal archosauriforms incorporates new data of Doswellia and the taxa
Turfanosuchus, Yonghesuchus, and Qianosuchus that have not previously been combined in a single study. Results
include a sister-group relationship between Doswellia and proterochampsids, placement of Qianosuchus as a crurotarsan
archosaur, and Yonghesuchus and Turfanosuchus as successive sister taxa to Archosauria.

INTRODUCTION

The initial breakup of the supercontinent Pangaea during the
Triassic commenced with rifting along the future long axis of the
Atlantic Ocean, from Greenland to Mexico (Olsen et al., 1989).
This led to the formation of a long chain of rift basins in present-
day eastern North America. These basins became filled with
thousands of meters of early Mesozoic sediments and, in many
cases, basalt flows that are collectively referred to as the Newark
Supergroup. Although the sedimentary strata were long consid-
ered largely devoid of tetrapod skeletal remains, fieldwork in
recent decades, especially in the southern rift basins, has
revealed a considerable diversity of Late Triassic amphibians,
reptiles, and synapsids.

Among the Triassic tetrapods described to date from the New-
ark Supergroup, the distinctive, heavily armored reptile Doswel-
lia kaltenbachi Weems, 1980 is noteworthy. Although
represented by much of the skeleton, the phylogenetic relation-
ships of this taxon have remained uncertain because it combines
a considerable number of autapomorphies with plesiomorphic
features and most of its appendicular skeleton is still unknown.
The type material of Doswellia kaltenbachi was collected from
siltstones of the Upper Triassic (Carnian) Poor Farm Member or
the upper portion of the Falling Creek Formation (Doswell
Group) in the Taylorsville basin of the Newark Supergroup in
eastern Virginia (LeTourneau, 2003). The Poor Farm Member
comprises gray, gray-green, dark gray, and black sandstone, silt-
stone, calcareous sandstone and siltstone, and thin coaly layers
(LeTourneau, 2003). Its dark-gray and black siltstones have
yielded well-preserved remains of a diverse flora (Cornet and
Olsen, 1990), abundant casts of unionid shells, and isolated fish

scales. To date, tetrapods are represented only by unidentified
archosaurian teeth and Doswellia (Weems, 1980).
Based on palynological data, Cornet and Olsen (1990)

argued for a Carnian age for the fluviolacustrine Taylorsville
basin sequence 1 (TVB1), which includes the unit from which
Doswellia is known. Huber et al. (1993) and Lucas and Huber
(2003) assigned Doswellia to their Sanfordian Land Vertebrate
Faunachron (LVF) for eastern North America. Huber et al.
(1993) considered the Sanfordian LVF late Carnian (Tuvalian) in
age, but Lucas and Hunt (2003) extended the possible age range
for this faunachron to ?early to late Carnian (Julian to early
Tuvalian) and dated the Falling Creek Formation as ?Julian.
Long and Murry (1995) described and illustrated a number of

vertebrae and osteoderms as well as what appears to be a dis-
articulated carapace from the Dockum Group of Howard Coun-
ty, Texas, and referred them to Doswellia kaltenbachi. This
referral appears justified because the Texas and Virginia speci-
mens share features such as a large articular facet and a dorsal
eminence with many small pits on each osteoderm and elongat-
ed, ventrally concave diapophyses on the dorsal vertebrae. To
date, the remains from the Dockum Group represent the only
known record of Doswellia outside the Taylorsville basin.
Additional preparation of the material of Doswellia kaltenba-

chi described by Weems (1980) has revealed new anatomical
features of this distinctive reptile. In this paper we redescribe
Doswellia in detail and provide a revised diagnosis. We also
present a new phylogenetic analysis to assess the phylogenetic
position of Doswellia among basal archosauriforms and to test
current hypotheses of archosauriform interrelationships.
Institutional Abbreviations—USNM, National Museum of

Natural History (formerly United States National Museum),
Smithsonian Institution, Washington, DC.
Anatomical Abbreviations—ac, rim for articular capsule of

joint; af, articular facet; an, angular; ap, anterior projection; ar,*Corresponding author.
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articular; ax, axis; bo, basioccipital; bpt, basipterygoid process;
bt, basal tuber of basioccipital; cap, capitulum; cpr, cultriform
process; de, dorsal eminence; df, distal facet; dia, diapophysis;
ec, ectopterygoid; eo, exoccipital; f, frontal; fc, rim for fibrous
capsule of joint; for, foramen; ica, foramen for cerebral branch
of internal carotid artery; i. tub., ischial tuberosity; j, jugal; mf,
metotic foramen; mx, maxilla; of, obturator foramen; op,
opisthotic; or. marg., orbital margin; p, parietal; pbs, parabasi-
sphenoid; pal, palatine; para, parapophysis; po, postorbital; pt,
pterygoid; p. tub., pubic tuberosity; q, quadrate; qj, quadratoju-
gal; rtp, retroarticular process; sa, surangular; so, supraoccipital;
sq, squamosal; st.f., supratemporal fenestra; su.an., suture for
angular; su.ar., suture for articular; su.d., suture for dentary; su.
ec., suture for ectopterygoid; su.l., suture for lacrimal; su.m.,
suture for maxilla; su.po., suture for postorbital; su.pra., suture
for prearticular; su.qj., suture for quadratojugal; su.sa., suture for
surangular; su.sq., suture for squamosal; tp, tooth puncture; tub,
tuberculum; vrop, ventral ramus of opisthotic; vt, crista ventro-
lateralis; XII, foramen for N. hypoglossus (XII).

SYSTEMATIC PALEONTOLOGY

DIAPSIDA Osborn, 1903
ARCHOSAUROMORPHA Huene, 1946

DOSWELLIIDAE Weems, 1980
DOSWELLIA KALTENBACHI Weems, 1980

(Figs. 1–15)

Holotype—USNM 244214, “axial skeleton from seventh cer-
vical through fifth caudal, scattered more posterior caudals,
associated ribs; pelvis complete except for left ischium; clavicle,
interclavicle; dorsal and lateral armor badly shattered except for
an articulated patch from the posterior region” (Weems,
1980:12).
The paratype designated by Weems (1980), USNM 214823,

comes from the same locality and bedding plane and probably
belongs to the same individual as the holotype. However, this
association could not be definitely established. It comprises the
postorbital portion of the skull, postdentary bones of the mandi-
ble, second through fifth cervicals, cervical ribs, nuchal armor,
cervical osteoderms, and the distal end of a ?tibia (Weems,
1980:12). An isolated right jugal, USNM 437574, was also recov-
ered from the locality, indicating the presence of at least two
individuals.
Horizon and Locality—Poor Farm Member of the Falling

Creek Formation (Doswell Group; LeTourneau, 2003), Taylors-
ville basin. Age: Late Triassic (Carnian). Pit dug for foundation
of Doswell sewer plant, 0.4 miles (0.64 km) northwest of the
confluence of the North Anna River and the Little River, near
Doswell, Hanover County, Virginia, U.S.A.
Referred Specimens from the Taylorsville Basin—USNM

25840, cervical vertebra, dorsal vertebra, bone fragments. Near
Ashland, Hanover County, along Richmond, Fredericksburg
and Potomac Railway right-of-way, about 1.5 miles (2.4 km)
north of Route 54, Virginia, U.S.A. USNM 186989, left dentary,
cervical vertebra, posterior dorsal vertebra, left femur, disasso-
ciated osteoderms. USNM 244215, centrum of anterior dorsal
vertebra. Both from northeast streambank of creek on east side
of Richmond, Fredericksburg and Potomac Railway, 1.2 miles
(1.92 km) north of Ashland, Hanover County, Virginia, U.S.A.
Revised Diagnosis—Archosauromorph diapsid characterized

by the following autapomorphies: elongate diapophyses of
dorsal vertebrae with ventral concave and rugose surfaces
for articulation with elongate capitulum of dorsal ribs; sharply
angled cervical and anterior dorsal ribs; abrupt change in cross-
sectional shape of rib cage from narrow to wide between anteri-
or and posterior dorsal vertebrae; extensive series of osteoderms
forming transverse rows from back of skull to at least base of tail

and including at least five longitudinal rows on each side of
vertebral column in posterior dorsal region; ilium with laterally
deflected dorsal blade. Doswellia is also distinguished by the
following unique combination of features: prominent occipital
peg of supraoccipital that projects over dorsal rim of foramen
magnum; euryapsid construction of temporal region with en-
larged jugal below supratemporal fenestra; absence of postpar-
ietals, tabulars, and postfrontals; small elliptical supratemporal
fenestra that does not reach occipital margin; squamosals with
posteriorly directed “horn-like” processes; elongate convex
dorsal end of quadrate that fits into elongate ventral groove on
squamosal; step between the flat skull roof and temporal region;
absence of lateral mandibular fenestra; teeth with slender, coni-
cal crowns lacking carinae; three sacral ribs, the first derived
from dorsal region; pair of oval articular facets at distal tips of
first two caudal ribs.

DESCRIPTION

Skull

The known cranial remains of Doswellia consist of the postor-
bital portion of a skull associated with a left angular, both sur-
angulars, and a right articular (USNM 214823) and an isolated
right jugal (USNM 437574) from the Doswell locality. Weems
(1980) reconstructed a long and tapering rostrum for Doswellia
based on a referred left dentary (USNM 186989) from the Ash-
land locality. The dentary was found with isolated vertebrae and
osteoderms that conform to those of the holotype of Doswellia
kaltenbachi, and the teeth preserved in alveoli 3 and 4 closely
resemble a tooth in the left maxilla of USNM 214823 in the
possession of slender, conical crowns without carinae.
As preserved, the postorbital region of USNM 214823 is broad

and dorsoventrally flattened largely as a result of crushing dur-
ing fossilization (Fig. 1). Nevertheless, once this distortion is
corrected, the width of the skull is clearly several times its
height. On each side of the temporal region, there is only a
single temporal fenestra, which is bounded by the parietal medi-
ally, the postorbital and squamosal laterally, and the squamosal
posteriorly (Fig. 1A). This opening is evidently an upper tempo-
ral (supratemporal) fenestra, and the temporal configuration
could thus be described as euryapsid. Only two other euryapsid
archosauromorph reptiles are known from the Late Triassic:
Trilophosaurus Case, 1928 from the Dockum Group (Carnian-
Norian) of Texas and the Chinle Formation of Arizona
(Gregory, 1945; Long and Murry, 1995; Heckert et al., 2006;
Mueller and Parker, 2006) and Teraterpeton Sues, 2003 from the
Wolfville Formation (Carnian) of the Fundy basin (Newark
Supergroup) in Nova Scotia. Unlike the large temporal openings
of Trilophosaurus and Teraterpeton, the supratemporal fenestrae
of Doswellia are small and do not extend posteriorly beyond
the occipital condyles. The posteriorly enlarged temporal fenes-
trae of Trilophosaurus and Teraterpeton create deeply embayed
occipital margins. The occipital margin of Doswellia is also
embayed, but this is due to the presence of posterior, “horn-like”
extensions of the squamosals. Furthermore, rather than having a
single embayment between the right and left squamosals, the
occipital embayment of the skull of Doswellia is divided into
two regions by a posterior “spur-like” extension of the parietals
along their median suture and the dorsal exposure of the
supraoccipital. In addition to the embayment of the occipital
margin, the posterior edge of the squamosal lateral to its “horn-
like” extensions is curved anteriorly and joins a similar curvature
of the quadratojugal. Postparietals, tabulars and supratemporals
that would be present along the occipital region of a more basal
diapsid are absent in Doswellia. Weems’s (1980:fig. 8) recon-
struction of the skull shows the quadrate in line with the occi-
pital condyle. However, the quadrates have been displaced
anteriorly and laterally by postmortem crushing, and, once

DILKES AND SUES—DOSWELLIA 59



placed in their correct articulation with the pterygoids, would
extend posterior to the occipital condyle.

The skull table, which is formed by the posterior ends of the
frontals, the parietals, and most of the postorbitals and squamo-
sals, is flat and horizontal. A “step” between the skull table and
the convex lateral side of the temporal region extends along the
postorbital and squamosal between the orbit and the posterior
edge of the skull just lateral to the “horn-like” extensions of the
squamosal. This step is probably not as pronounced as restored
by Weems (1980:fig. 8). It does not enter the orbit nor does it
reach the posterior edge of the squamosal.

The preserved section of the palate is essentially horizontal
(Fig. 1B). Although incomplete due to the absence of the antor-
bital region in USNM 214823, the suborbital fenestra was clearly
quite large and bordered by the palatine, pterygoid, ectoptery-
goid and maxilla.

The external surfaces of the dermal bones of the skull bear
deeply incised pits that vary from oval to circular in outline.
There appears to be little pattern to the arrangement of these
pits although those near the edges of a bone are frequently more
elongate than those closer to the center of the bone.

Dermal Bones of the Skull

Only the jugals, postorbitals, frontals, parietals, squamosals,
quadratojugals, pterygoids, ectopterygoids and small portions of
the left palatine and maxilla are preserved in the skull of USNM
214823. Both jugals of this specimen lack the suborbital ramus.
An isolated right jugal (USNM 437574; Fig. 1D), only slightly

damaged along its posterior edge, reveals details of its medial
surface not readily visible in USNM 214823. The jugal is a long
bone with a length that is over three times its height. It forms a
significant portion of the temporal region and curves dorsally
onto the skull table, evidently occupying much of the area of
the cheek that bears the infratemporal fenestra of a typical diap-
sid reptile. Anteriorly, the jugal forms most of the ventral and a
small portion of the posterior rim of the orbit. A long sutural
surface along its ventral edge for the maxilla extends from the
midpoint of the bone anteriorly onto its bluntly pointed anterior
end. As there is a considerable region of bone between the
dorsal extent of the maxillary suture and the orbital rim, it is
unlikely that the maxilla contributed to the orbital margin. Im-
mediately posterior to the suture with the maxilla is a rhomboi-
dal sutural facet for the ectopterygoid. Above the contact with
the ectopterygoid, a largely horizontal sutural facet for the post-
orbital extends from the orbital rim to the midpoint of the jugal.
The remainder of the dorsal edge of the jugal is a sutural surface
for the squamosal. The damaged posterior end of the jugal con-
tacted the quadratojugal. Only the posterior tip of the left maxil-
la is preserved. Six alveoli are present. A partial tooth, preserved
in the fourth preserved alveolus, establishes that the crown was
slender, smooth, and recurved.
The bone interpreted as the postorbital by Weems (1980) and

the present authors is a narrow, triangular element. The base of
this bone forms most of the posterior rim of the orbit. Its elon-
gate, posterior ramus narrows to a blunt point and has an exten-
sive lateral contact with the jugal, more restricted contacts
medially with the frontal and parietal, and overlaps the inner

FIGURE 1. Skull of Doswellia kaltenbachi. A–C, postorbital region (USNM 214823) in dorsal (A), ventral (B), and occipital views (C); D, isolated
right jugal (USNM 437574) in medial view.
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side of the anterior process of the squamosal. Together with the
squamosal, the postorbital forms the lateral rim of the supratem-
poral fenestra.
Only a small, posterior portion of each frontal is preserved in

the paratype. The suture with the postorbital is at a right angle
to the interdigitated, transverse contact between the frontal and
parietal. The left frontal preserves a small portion of the posteri-
or orbital rim. The parietals form the transversely gently con-
cave central portion of the skull deck, with a shallow depression
along the midline suture that extends from the midpoint of the
supratemporal fenestrae to near the occipital margin. The lateral
edges of the parietals are embayed slightly to form the medial
rims of the supratemporal fenestrae. The occipital margin of the
parietals is expanded and embayed with the midline extended
posteriorly and a small dorsal exposure of the supraoccipital to
create a bluntly pointed projection. The posterior extension of
the parietals and the exposure of the supraoccipital are recessed
below the surface of the skull table.
The large squamosal forms the posterior edge and about half

the lateral edge of the temporal fenestra. Medially, it has a long
butt suture with the parietal from the supratemporal fenestra to
the occipital margin. A part of this medial region is drawn out
posteriorly to form the “horn-like” process. Along the occiput,
the medial region contacts the paroccipital process of the
opisthotic. There are similar contacts between the parietal and
paroccipital process and supraoccipital that completely cover the
region where a posttemporal fenestra would be otherwise pres-
ent. A broad ventral portion of the squamosal extends from the
step between the dorsal and lateral sides of the skull to contact
the quadratojugal and jugal. This ventral portion also extends
anteriorly to contact the postorbital. The quadrate fits into a
recess along the occipital margin of the squamosal in a fashion
similar to other archosauromorphs. However, rather than the
dorsal part of the quadrate forming a ball that fits into a socket-
like depression on the squamosal, the quadrate of Doswellia has
an elongated, convex, and posteriorly directed process that fits
into a long groove on the ventral surface of the squamosal. The
quadratojugal at the posterior corner of the skull contacts the
jugal anteriorly, the squamosal dorsally, and the quadrate poste-
riorly. The contact between the quadratojugal and quadrate
includes a smooth, tapering process that overlaps the occipital
face of the quadrate. The deeply curved posterior edge of the
quadratojugal extends anteriorly as least to the same level as the
occipital curvature of the parietals.
The plate-like pterygoids dominate the palatal surface

(Fig. 1B). A narrow interpterygoid vacuity divided by the cultri-
form process separates the pterygoids along the midline. The
pterygoids have several anteroposterior fields of teeth on raised
bone ridges separated by grooves. One field is a single row of
teeth next to the interpterygoid vacuity that extends from the
basipterygoid articulation to the preserved anterior end of
the pterygoid. This row of teeth corresponds topographically to
the third field of teeth described in Mesosuchus (Dilkes, 1998)
and present in other archosauromorphs such as Prolacerta
(Modesto and Sues, 2004:fig. 6B) and Proterosuchus (Welman,
1998:fig. 1, “T3”). It is a continuation of a single row of medially
curved teeth along the edge of the interpterygoid vacuity in
Mesosuchus (Dilkes, 1998) and Prolacerta. A similar row of
teeth is found along the entire medial edge of the pterygoid of
Proterosuchus (Welman, 1998:fig. 1, “T4”). These medially
curved teeth are absent in Doswellia. A second field of palatal
teeth in Doswellia extends across the pterygoid from the basicra-
nial articulation towards the palatine. A comparable field of
teeth is also present in Euparkeria (Ewer, 1965), Mesosuchus
(Dilkes, 1998), Prolacerta (Modesto and Sues, 2004), and Proter-
osuchus (Welman, 1998:fig. 1, “T2”). The lateral part of the
transverse flange along the contact with the ectopterygoid
extends posteriorly into the adductor chamber as a large,

rounded projection. The transverse flange is devoid of teeth.
Each basipterygoid process fits into a deep and narrow recess
that is accentuated by a pronounced medial projection of the
quadrate ramus of the pterygoid that nearly reaches the para-
sphenoid. The remainder of the quadrate ramus consists of a
deep, medially concave and vertical flange. At the junction be-
tween this vertical flange and the medial projection posterior to
the basipterygoid process, the quadrate process has a deep, cup-
shaped depression.
The ectopterygoid forms extensive, broad contacts with the

lateral edge of the pterygoid and medial edges of the maxilla
and jugal. Along the anterior half of the interdigitating ectopter-
ygoid-pterygoid suture, the pterygoid overlaps the ventral sur-
face of the ectopterygoid as in many archosauromorphs (Dilkes,
1998). The posterior half forms a butt suture. Three small foram-
ina are present on the ventral surface of each ectopterygoid.
Only a small posterior portion of the palatine is preserved along
the lateral margin of the pterygoid. A pronounced ridge lacking
any evidence of teeth would align with the raised denticulated
area of the pterygoid that extends across the palatal surface from
the basipterygoid articulation to the palatine.
The quadrate is a robust bone. As noted above, both elements

are complete but displaced anteriorly as well as laterally away
from their original positions. The posterior surface of the quad-
rate is concave, but not nearly to the same degree as in other
archosauromorphs such as Mesosuchus (Dilkes, 1998), Prola-
certa (Modesto and Sues, 2004), Proterosuchus (Welman, 1998),
and Teraterpeton (Sues, 2003). The curvature of the quadrate of
Doswellia is pronounced, as noted by Weems (1980), by the
unusually recurved proximal process that fits into an elongate
recess of the squamosal. The recurved proximal end and the
posterior edge of the more distal portion of the quadrate enclose
between them a distinct notch. The edge of this process con-
tinues ventrally along the posterior surface of the quadrate to
the midpoint of the bone and then curves laterally towards the
overlapping, tapering process of the quadratojugal. A deep
pocket is developed at the confluence of the vertical and hori-
zontal segments of this edge. No quadrate foramen is present.
A large, tapering medial flange of the quadrate overlaps the
lateral surface of the quadrate ramus of the pterygoid. The
paired, rounded condyles at the distal end of each quadrate are
approximately equal in size. The quadrates are inclined medially
when moved back to their natural position. A portion of the
columella of the right epipterygoid is visible in oblique ventro-
lateral view.

Braincase

The basioccipital forms most of the occipital condyle, with the
exoccipitals contributing only the dorsolateral corners of the
condyle. A distinct notochordal pit is present on its posterior
surface. The exoccipitals do not meet along the dorsal surface
of the condyle, and the basioccipital makes a small contribution
to the ventral margin of the foramen magnum. Immediately
anterior to the occipital condyle, the basioccipital narrows to a
distinctive neck similar to that seen in Erythrosuchus (Gower,
1997). Further anteriorly, the lateral edges of the basioccipital
form a pair of large, ventrolaterally projecting basal tubera. The
flattened distal end of each tuber is overlapped slightly by the
fused parabasisphenoid. A prominent groove on the ventral sur-
face of the basioccipital begins on the neck and continues ante-
riorly to the contact with the parasphenoid where it merges
with a broader depression on the basioccipital and basisphenoid.
This latter depression, noted in other archosauromorphs, is re-
ferred to as the basioccipital-basisphenoid fossa (Gower and
Sennikov, 1996; Gower and Weber, 1998).
Each exoccipital has an expanded base along the dorsal and

lateral surfaces of the occipital condyle that narrows before
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fusing indistinguishably with the opisthotic. The exoccipital
forms the posterior wall of the metotic foramen for cranial
nerves IX to XI (Nn. glossopharyngeus, vagus, and accessorius)
and the internal jugular vein. On the lateral surface of the nar-
row region of the exoccipital just posterior to the metotic fora-
men is a prominent foramen that was the exit for passage of
cranial nerve XII (N. hypoglossus). The anterior extent of the
base of the exoccipital, revealed on the displaced right exoccipi-
tal, shows that the exoccipital reached towards, but apparently
did not contact the ventral ramus of the opisthotic. Thus, there
appears to be only a small contribution of the basioccipital to the
floor of the metotic foramen. There is no contact between the
exoccipital and either the basisphenoid or prootic. No facet for
the proatlas is visible on either exoccipital. Dorsally, the exocci-
pitals are separated by the supraoccipital, which forms the dorsal
margin of the foramen magnum.

The opisthotic bears a ridge that reaches from its contact with
the supraoccipital to close to the distal end of the paroccipital
process. The slightly expanded distal end of the paroccipital
process is rounded anteroposteriorly and strongly curved dorso-
ventrally. The distal end of each paroccipital process has a
flattened lateral edge suggestive of contact with the quadrate.
A shallow concavity on the occipital portion of the squa-
mosal receives the distal end of the paroccipital process.
The remainder of the occipital exposure of the squamosal over-
laps the opisthotic, and there is no posttemporal fenestra. Nutri-
ent blood vessels and small nerves most likely passed through a
small foramen on the occipital side of each paroccipital process.
The structure of the ventral ramus of the opisthotic that sepa-
rates the metotic foramen and fenestra ovalis is shown by the
displaced right opisthotic. Dorsally, this ramus forms a thin
blade, but it expands greatly ventrally to a large rectangular foot
that contacts the basioccipital. Opisthotics of other archosauro-
morphs such as Mesosuchus (Dilkes, 1998), Prolacerta (Evans,
1986), Euparkeria (Gower and Weber, 1998), and erythrosuchids
and proterosuchids (Gower, 1997; Gower and Sennikov, 1996,
1997) have similar, although in some instances less prominent,
distal expansions. Given the close fit between the ventral ramus
of the opisthotic and the cristae ventrolaterales and basal tubera
of the basioccipital, any “pseudolagenar recess” (Gower and
Sennikov, 1996, 1997), if present, would be very small.

Anterior to the opisthotic, the prootic forms most of the side-
wall of the braincase. A small, exposed portion of the right
prootic includes the posteroventral margin of the notch for
N. trigeminus (V).

The basisphenoid and parasphenoid are indistinguishably
fused. Accordingly, the combined unit will be referred to as the
parabasisphenoid. The parabasisphenoid of Doswellia retains
the horizontal, plate-like configuration found in other archosaur-
omorphs such as Prolacerta (Evans, 1986), Proterosuchus
(Cruickshank, 1972), and Fugusuchus (Gower and Sennikov,
1996). Mesosuchus also has a plate-like parabasisphenoid, but it
is not positioned horizontally (Dilkes, 1998). There is no inter-
tuberal plate on the basisphenoid. The cristae ventrolaterales
(also referred to as the basal tubera of the basisphenoid) bear
several deep grooves and are separated by the basioccipital-
basisphenoid fossa. At the base of the cristae ventrolaterales
and within the approximate anterior limit of the basioccipital-
basisphenoid fossa is a pair of foramina for the cerebral branches
of the internal carotid arteries. No vidian canals or other surface
features are present to indicate the likely courses of the palatine
branches of N. facialis (VII) and the internal carotid arteries.
The large basipterygoid processes project anterolaterally at
approximately 45� to the midline. Each process has an elongated
articular surface on its anterior surface for the pterygoid.
Displacement of the quadrate rami of the pterygoids obscures
the sides of the parabasisphenoid so it is uncertain if a semilunar
depression (Gower, 1997; Gower and Sennikov, 1996) is present

on the basisphenoid. The cultriform process of the parasphenoid
is exposed between the palatal rami of the pterygoids; it is not
clear whether this exposure is due to the dorsoventral crushing
of the skull. Its anterior end is incomplete. A small piece of bone
on the right side of the braincase is possibly a portion of the
laterosphenoid.
The supraoccipital bears a median ridge that begins on the

shelf-like portion of the bone above the foramen magnum and
merges with a prominent, triangular occipital projection of the
parietals. No sculpturing is present on the supraoccipital.
There is a nearly complete left stapes and the distal end of

the right stapes. The stapedial shaft is slender and rod-like,
terminating laterally in the notch formed by the recurved proxi-
mal head of the quadrate.

Mandible

The type material of Doswellia kaltenbachi preserves only
isolated elements of the posterior region of the lower jaw.
Enough is preserved, however, to establish the absence of a
lateral mandibular fenestra.
The right and left surangulars, right angular, and right articu-

lar are preserved in the paratype of Doswellia kaltenbachi
(Fig. 2A–H). The dorsal edge of the surangular along the rim of
the adductor fossa is thin and gently convex. It lies above a
strong ridge on the medial surface that extends from the suture
with the dentary to the complex facets for the articular. A long,
broad groove extends anteriorly from a large foramen along the
ventral side of the ridge and continues anteriorly beneath the
suture for the dentary. A smoothly concave region immediately
lateral and anterior to the complex sutures for the articular
represents the contribution of the surangular to the lateral por-
tion of the mandibular facet of the jaw joint. There are no
anterior or posterior surangular foramina on the lateral surface
of the surangular, unlike the condition in archosauromorphs
such as Euparkeria (Ewer, 1965), Prolacerta (Modesto and Sues,
2004), and Proterosuchus (Welman, 1998). A posterior extension
of the surangular covers most of the lateral surface of the articu-
lar almost to the posterior end of the retroarticular process that
extends well below the level of the jaw joint. The surangular
overlaps the angular laterally, forming is a relatively straight,
horizontal suture. This overlap is quite extensive beneath the
jaw joint, but is much more restricted anteriorly.
The angular bears only light sculpturing on its lateral side and

probably contacted the retroarticular process. Its anterior extent
is unknown, but reached at least to the posterior limit of the
suture between the surangular and dentary.
The articular forms the medial portion of the mandibular facet

of the jaw joint. Its deep, subrectangular retroarticular process
projects ventromedially below the level of the facet for the jaw
joint. Only a small part of this process would be visible in lateral
view posterior to the surangular and angular when the jaw ele-
ments are reassembled.
The isolated left dentary (USNM 186989; Fig. 2I–K) referred

to Doswellia by Weems (1980) is very long, low, and strongly
concave laterally. The element was considerably damaged
during the original preparation. The mandibular symphysis ap-
parently extends back to the level of the tenth or eleventh alveo-
lus. There are only a few pits on the lateral side along the
alveolar margin and near the anterior end of the bone. Alveoli
for 35 teeth are present; the individual sockets are separated by
well-developed bony septa, and a narrow groove extends lingual
to the alveoli. Tooth implantation is thecodont. The posterior six
alveoli appear to be smaller than the preceding ones. The third
dentary alveolus contains the apical portion of an erupting tooth,
and the base of a broken tooth is preserved in the fourth alveo-
lus from the tip. Together, these teeth indicate that the tooth
crowns were slender, conical, and gently recurved.
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Postcranial Axial Skeleton

Cervical, anterior dorsal, sacral, and caudal vertebrae are dis-
articulated, but remain associated within each region. Only the
posterior dorsals are articulated or only slightly separated. All
ribs are disarticulated, but do not appear to have been greatly
displaced. Ribs in the posterior dorsal region can be confidently
associated with a specific vertebra. Twenty-two presacrals, three
sacrals, and 13 caudals are preserved (Weems, 1980). An open
suture is visible between the neural arch and centrum of the
cervicals, dorsals, sacrals, and first five caudals, demonstrating
that this individual was not skeletally mature.
Cervical Vertebrae—Only a few cervical vertebrae are com-

plete. Weems (1980) estimated a count of eight cervical verteb-
rae based upon the presence of cervical ribs next to these
vertebrae. However, the exact location of the cervical-dorsal
transition is uncertain because no ribs are associated with the
incomplete ninth vertebra. The neural spine of the axis is low
with a sharp dorsal edge (Fig. 3A, B). The posterior zygapo-
physes are strongly angled and separated by a deep concavity.
The anterior edges of the neural arch that rise above each poste-
rior zygapophysis are crenulated, probably indicating the pres-
ence of an interlaminar elastic ligament that extended between
neighboring vertebrae as in crocodylians (Frey, 1988). The pres-
ence of an anterior protuberance (Weems, 1980) cannot be con-
firmed because the axial neural arch and spine are broken.
Each postaxial cervical vertebra has a tall and narrow neural

arch that is pinched in the middle (Fig. 3C, D). The large neural
canal is wider than tall beneath the prezygapophyses and taller
than wide beneath the postzygapophyses. A ridge extends across
the side of the neural arch connecting the pre- and postzygapo-
physes and a second ridge connects the postzygapophysis
and diapophysis. A third ridge extends from the diapophysis to
the posterior edge of the centrum. The zygapophyses are
elevated above the centrum and their facets are angled along
the transverse plane at least 40� and the parasagittal plane at
approximately 30�. The neural spine is tall with a much shorter
anteroposterior length than on the axis. The neural spine is
narrowest along the anterior edge and widens posteriorly
approximately 3.5 times. The dorsal edge and upper portion of
the posterior edge of the neural spine is slightly roughened with
a distinct lip separating the two surfaces. This roughened surface
is the probable attachment site for supraspinal ligaments and
ligaments joining the paramedian osteoderms to the vertebrae.
The amphicoelous centrum is constricted in its middle, and has a
low ridge along its ventral surface. The articular surfaces of the
centrum are horizontally oval. A deep groove separates the
prominent diapophysis and the shorter parapophysis both of
which are directed ventrolaterally.
Anterior Dorsal Vertebrae—Anterior (Fig. 4A–C) and poste-

rior (Fig. 4D–F) dorsals can be distinguished based on differ-
ences in the shapes of the vertebrae and their ribs. The first five
are anterior dorsals and the remaining eight are posterior dor-
sals. The diapophysis of the anterior dorsals becomes progres-
sively larger toward the posterior end of the series and, at least
on the last three of the sequence, projects laterally and slightly
posteriorly. In contrast, the parapophysis becomes smaller until
it forms little more than a slightly raised, flattened surface be-
neath the diapophysis. Whereas the articular surfaces for the
cervical ribs are restricted to the distal ends of the dia- and
parapophyses, the ventral surface of the lengthened diapophysis
on the anterior dorsals is an additional articular surface for the
capitulum of the dorsal rib (Fig. 4B). This type of rib articulation
is unique to Doswellia. The ventral articular surface of the dia-
pophysis becomes increasingly rugose and concave to provide a
firmer connection with the rib. The tuberculum articulates with
the distal end of the diapophysis as in the cervicals. An addition-
al feature of the diapophysis of anterior dorsals is a flange-like

FIGURE 2. Mandible of Doswellia kaltenbachi. A, B, left surangular
(USNM 214823) in lateral (A) and medial (B) views; C, D, right suran-
gular (USNM 214823) in lateral (C) and medial (D) views; E, F, left
angular (USNM 214823) in lateral (E) and medial (F) views; G, H, right
articular (USNM 214823) in dorsal (G) and medial (H) views; I–K,
referred partial left dentary (USNM 186989) in lateral (I) and dorsal (J)
views, with K, a transverse section at the level of alveolus 15.
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process along the anterior margin. The ventral surface of this
anterior process is rugose, but clearly set apart from the rugose
ventral region for the capitulum. The zygapophyseal articular
facets for the first pair of anterior dorsals, though distorted and
damaged, differ little in their orientation from those of the last
cervicals. However, these facets are virtually horizontal. Neural
spines continue to have a thin anterior edge, but otherwise are
much wider than on the cervicals. The dorsal surface of the

neural spine is slightly roughened and bulbous. Numerous fine
ridges extend down the side of the neural spine from the dorsal
tip. The centrum is cylindrical with very little or no constriction.
Its ends are amphicoelous, with an oval outline similar to that of
the cervical centra.

Posterior Dorsal Vertebrae—The diapophysis attains its max-
imum length in the first pair of posterior dorsals and decreases
thereafter. The entire ventral surface of the diapophysis, which
is more dorsally concave than in the anterior dorsals (Fig. 4E),
articulates with the dorsal edge of the capitulum. There is no
longer any discernible parapophysis. Instead, the end of the
capitulum inserts into a concavity ventral to the base of the
diapophysis. An oval articular facet for the tuberculum is pres-
ent at the distal tip of all diapophyses except those of the last
dorsal where the distal ends are blade-like. An anterior flange
on the diapophysis of the anterior dorsals is absent. The centrum
is amphicoelous and constricted in the middle. The orientation
of the zygapophyses remains horizontal as in the anterior dorsals
with the exception of the last two that show a medial inclination.
The structure of the neural arch and neural spine differs little
from that of the anterior dorsals.

Sacral Vertebrae—There is a striking structural difference
between the anterior and posterior halves of the first sacral
vertebra (Fig. 5A, B), indicating that this vertebra is a dorsal
that became incorporated into the sacrum (Weems, 1980). The
diapophysis is similar to that of the last dorsal though much
shorter, the shape and orientation of the prezygapophysis
matches the last dorsals, and the anterior face of the centrum is
oval. The parapophysis is, however, clearly differentiated. In the
posterior half, the postzygapophyses are much closer to the mid-
line with smaller, more elongate facets, and the centrum is much
lower and expanded laterally to support the large articular sur-
faces for the second sacral rib. The neural spines of the sacrals
are bulbous with fine ridges. The three sacral vertebrae form a

FIGURE 3. Cervical vertebrae of Doswellia kaltenbachi. A, B, axis
(USNM 214823) in right lateral (A) and medial (B) views; C, D, seventh
cervical vertebra (USNM 244214) in right lateral (C) and dorsal (D)
views.

FIGURE 4. Dorsal vertebrae of Doswellia kaltenbachi (USNM 244214). A–C, fourth dorsal vertebra in dorsal (A), ventral (B), and left lateral (C)
views; C-F, seventh dorsal vertebra in dorsal (D), ventral (E), and left lateral (F) views.
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unit with little if any movement between vertebrae. The zygapo-
physes fit together very closely and those of the second and third
sacral vertebra also had interlocking ridges and grooves. The
articular surfaces of the postzygapophyses of the third sacral are
curved rather than flat. The posterior end of the first sacral
centrum, both ends of the second sacral, and the anterior end of
the third sacral are acoelous. Furthermore, the large second and
third sacral ribs connected across the first and second, and sec-
ond and third sacrals, respectively (Fig. 5C–F).
Caudal Vertebrae—The precise anteroposterior sequence of

the thirteen isolated caudal vertebrae is uncertain, but they

clearly include elements from the proximal, middle, and distal
regions of the tail (Weems, 1980). Five proximal caudals have
large ribs that attached to the side of the centrum and neural
arch. No diapophyses or parapophyses are present. The distal
expansion of the neural spine present in the dorsals and sacrals
continues into the proximal caudals, but has largely disappeared
by the fifth caudal. The articular facets of the zygapophyses are
damaged on most of these proximal caudals. The prezygapo-
physes of the first caudal are horizontal, but the medial and
lateral edges of each are curved dorsally, forming a cup-shaped
articular surface that matches the curved surface of the post-
zygapophysis of the last sacral. The postzygapophyses of the first
and second caudal have horizontal and flat articular facets. There
is a change in the orientation of the zygapophyses in these proxi-
mal caudals from horizontal to medially inclined (Weems, 1980).
The outlines of the ends of the centra also change from horizon-
tally oval to circular or vertically oval. Two incomplete vertebrae
from the middle region of the tail have large, thin lateral projec-
tions that are likely fused ribs. The projection on the posterior of
this pair of caudals is bifurcated with the anterior process the
larger of the two. As noted by Weems (1980), the first of these
two middle caudals has a strongly angled anterior end of the
centrum that faces anteroventrally. Whether this indicates a ven-
tral bend in the tail depends on the unknown shape of the cen-
trum of the next anterior caudal. More distal caudals have
progressively smaller fused caudal ribs; the neural spines are
increasingly blade-like, and the centra are tall and narrow
(Fig. 5G, H).
Facets for hemal arches are present on the third proximal

caudal and all subsequent preserved vertebrae of the tail. The
blade of a hemal arch is thin, expanded distally, and covered by
numerous fine ridges that are prominent along the ventral and
distal edges (Fig. 5I, J).
Cervical Ribs—Each cervical rib has a stout and flattened

proximal end with clearly separated capitulum and tuberculum
(Fig. 6). The capitular and tubercular articular facets are con-
cave with an elevated rim surrounded by a thicker, roughened
rim that is continuous with the surface of the rib. These two
rims are likely attachment sites for the inner articular capsule
and outer fibrous capsule of the synovial joint between the rib
and vertebra. Immediately distal to the articular facets is a
constriction followed by an expansion forming the flattened
proximal end. The anterior edge of this proximal region is
thin and rounded. Distally, the rib continues as a narrow
process with a triangular cross-section. The length of this pos-
terior process is greater on the more posterior cervical ribs
where it attains a length at least equal to the centrum. When
articulated with the vertebra, the process is directed posterior-
ly and ventrally. The entire lateral edge of the rib from theFIGURE 5. Sacral and caudal vertebrae of Doswellia kaltenbachi

(USNM 244214). A, B, first sacral vertebra in left lateral (A) and dorsal
(B) views; C, D, second sacral in left lateral (C) and dorsal (D) views;
E, F, third sacral in left lateral (E) and dorsal (F) views; G, H, distal
caudal vertebra in left lateral (G) and anterior (H) views; I, J, hemal arch
in left lateral (I) and ventral (J), ventral views

FIGURE 6. Cervical ribs of Doswellia kaltenbachi (USNM 214823). A,
B, left axial rib in dorsal (A) and ventral (B) views; C,D, fifth cervical rib
in dorsal (C) and ventral (D) views.
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proximal expanded region to the tip of the posterior process is
flattened, faces laterally, and covered by a series of long
ridges and grooves.

Anterior Dorsal Ribs—In addition to their greater size, ante-
rior dorsal ribs are distinguishable from cervical ribs by their
division into distinctive proximal and distal regions that enclose
an angle of between 90� and 120� (Weems, 1980). There is a
gradual lateral shift of the facet for the tuberculum from the first
to last anterior dorsal rib that is clearly linked with the parallel
increase in the length of the diapophysis and the increase in
contact between the capitulum and diapophysis. At the corner
between the proximal and distal regions, ribs of the second
(Fig. 7A, B) and third dorsal vertebra each has a rounded and
rugose projection that is directed primarily dorsally, but also
laterally and anteriorly. This projection is especially prominent
on the third dorsal ribs, but is absent from all subsequent ribs.
Instead, the fourth dorsal rib has a highly rugose flange extend-
ing dorsolaterally (Fig. 7C, D). This flange is thinner and longer
on the fifth anterior dorsal rib (Fig. 7E, F). The length of the
distal segment of the ribs increases from the first to last anterior
dorsal vertebrae and its cross-sectional shape changes from cir-
cular to oval. The sixth anterior dorsal rib is transitional between
the anterior and posterior dorsals (Weems, 1980). It has a long
capitulum similar in length to that of the posterior dorsal ribs
and its dorsal surface is flattened and covered by ridges as on the
posterior dorsal ribs. It shares with the anterior dorsal ribs a
corner between a proximal and distal segment. The distal seg-
ment is truncated with an expanded and deeply cup-shaped ter-
minus. It is uncertain whether this rib was continued by a
cartilaginous structure (Weems, 1980) or possibly pathological
because the left sixth rib is not preserved. When the anterior
dorsal ribs are articulated with their respective vertebrae, the
anterior section of the rib cage widens posteriorly, but is overall
relatively narrow.

Posterior Dorsal Ribs—Regardless of the uncertainty of the
true shape of the sixth dorsal rib, there is a sudden change in the
outline of the rib cage between the anterior and posterior
dorsal vertebrae. Ribs of the posterior dorsal vertebrae project
primarily laterally with only a slight curvature distally, thus lack-
ing a distal region (Fig. 7G, H). This shape and the elongated
diapophyses of the posterior result in a considerable increase in
the width of the rib cage between the sixth and seventh dorsal
vertebrae. Maximum width of the rib cage is attained at the first
three of the posterior dorsal vertebrae. More posteriorly, there is
a gradual decrease in the width. A distinctive feature of each
posterior dorsal rib is its flattened, slightly expanded dorsal sur-
face covered by numerous ridges.

Sacral Ribs—The preserved portion of the first sacral rib is
similar to the last dorsals. Although it presumably articulated
with the ilium (Weems, 1980), this cannot be confirmed because
only a segment of the right first sacral rib is known. The second
sacral rib (Fig. 8A, B) is distinctly different from the first with an
enlarged holocephalous contact with the centra of both the first
and second sacral vertebrae (Fig. 5A–D). Distally, it expands to
form a square-shaped contact with the ilium. There is an addi-
tional articular facet along the posterior side of distal expansion.
The proximal end of the distinctive third sacral rib (Fig. 8C, D)
joins with the centra of the second and third sacrals, but, unlike
the second sacral rib, it expands distally into a dorsoventrally flat
blade that contacts both the ilium and the posterior facet on the
second sacral rib.

Caudal Ribs—The first caudal rib has a holocephalous proxi-
mal end and a shaft that is triangular in cross-section for most of
its length (Fig. 8E, F). The base of this triangular cross-section
faces dorsally and, like the posterior dorsal ribs, bears many fine
parallel ridges extending from the proximal to the distal end. Its
blade-like distal expansion is twisted so that one side faces ante-
rodorsally and the other faces posteroventrally. Ridges cover

both sides. Two separate oval articular facets are found at the
distal tip. The second caudal rib has an identical morphology to
the first though slightly shorter in length. The fourth caudal rib
shaft is oval in cross-section proximally and flattened distally
(Fig. 8G, H). The distal half also bears many parallel ridges on
its dorsal and ventral surfaces. There are no articular facets at
the distal tip of the fourth caudal rib. All more posterior caudal
ribs are fused to their vertebrae. Each is a dorsoventrally flat-
tened blade extending laterally and becoming smaller in succes-
sively posterior caudal vertebrae.
Gastralia—Numerous isolated gastralia were found among

the skeletal elements of the type material of Doswellia.
All are long with one expanded rounded end that tapers to
a blunt tip (Fig. 8I, J). There is variation in the size of the
expanded end.

Osteoderms

Doswellia has an extensive series of articulated osteoderms
that extend along the dorsal and lateral sides of the body from
the back of the skull to at least the base of the tail. These
osteoderms are arranged in a highly regular pattern to form
longitudinal and transverse rows. Several osteoderms make up
each transverse row. Although their precise relationship with the
vertebrae is uncertain, there was probably a single transverse
row for each vertebra with the paramedian osteoderms joined
over the neural spine, as in many other archosauriform reptiles.
There is also evidence of isolated osteoderms possibly associated
with the limbs. With the exception of a section of osteoderms
from the posterior dorsal region that remain articulated or at
least closely associated, most osteoderms are separated from
their respective vertebrae and from other elements in their re-
spective transverse row. Thus, in most regions one can only
describe the features of those osteoderms from the cervical,
anterior dorsal, posterior dorsal, pelvic, and caudal regions, and,
in some instances, provide additional information on variation
within a transverse row.
The majority of osteoderms of Doswellia have a square or

rectangular shape. Only those that comprise the “nuchal collar”
(Weems, 1980) have a more irregular shape. Few can be de-
scribed as truly flat; even those from the midline typically have
a ventral curvature. The dorsal surface of each osteoderm is
covered by deep pits except for the anterior margin that forms
an articular facet overlapped by the osteoderm in the next ante-
rior transverse row. An anteromedial projection of the articular
facet is found on some osteoderms. A prominent sulcus sepa-
rates the articular facet from the portion of the osteoderm with
pits. A dorsal eminence with numerous small pits is present on
nearly every osteoderm. This eminence is oriented anteroposter-
iorly and typically has a gentle curvature. A few scattered foram-
ina are often present on the ventral surface. The posteroventral
margin of each osteoderm has a series of transverse ridges where
it overlaps a succeeding osteoderm. Some also have a thickened
anteromedial corner on the ventral side covered by a set of
parallel ridges. The simple overlap between osteoderms in a
longitudinal row implies flexibility between successive rows.
Long projections that fit into deep recesses along the medial
and, with the exception of the most lateral osteoderm, lateral
sides interlocked those osteoderms within a transverse row into
a rigid sheet of bone. Hence, each transverse row of osteoderms
would flex as a unit against the rows anterior and posterior to it.
Those osteoderms along the lateral margin of the osteoderm
shield have a curved, slightly jagged lateral edge that lacks pits.
Cervical Osteoderms—Two pieces of curved bone

(Fig. 9A–D) found associated with the skull are parts of a “nu-
chal collar” (Weems, 1980). Rather than fragments of a pair of
large plates that met along the midline, each is actually com-
posed of several smaller osteoderms. The grooves on the dorsal
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surface, originally interpreted by Weems as evidence for the
location of cornified epidermal scales, can be traced onto the
ventral surface and are actually sutures between the osteoderms.
Further support for this interpretation is the presence of a dorsal

eminence on each of the middle three osteoderms in the larger
fragment (Fig. 9A) and the partial separation of two of the
osteoderms of the smaller fragment revealing interlocking pro-
jections (Fig. 9C, D). The direction of the dorsal eminences on

FIGURE 7. Dorsal ribs of Doswellia kaltenbachi (USNM 244214). A, B, left second dorsal rib in anteroventral (A) and posterodorsal (B) views;
C, D, right fourth dorsal rib in anteroventral (C) and posteroventral (D) views; E, F, left fifth dorsal rib in anteroventral (E) and posterodorsal (F)
views; G, H, right ninth dorsal rib in anterior (G) and posterior (H) views.
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the larger fragment indicates the anterior and posterior margins
and the rounded swelling on the ventral side of the larger frag-
ment corresponds most closely to the thickened anteromedial
corner on some osteoderms. Thus, as restored by Weems
(1980), the anterior margin is upturned and has a series of paral-
lel ridges. The smaller fragment includes a portion of the poste-
rior margin that is similarly upturned with ventral ridges that
correspond to the posterior edge of other osteoderms that over-
lap the osteoderm in the next transverse row. Laterally, this
collar extends around the dorsal portion of the side of the neck.
Although the midline is not preserved on either fragment, the
size of the larger indicates that the width of the collar is at least
equal to the width of the skull in the temporal region. It is
unlikely that there was an additional osteoderm attached to the
collar (Weems, 1980) because the roughened lateral margins of
the two pieces resemble the lateral edges of those osteoderms in
the most lateral rows of other osteoderms.

Several osteoderms found with the cervical vertebrae include
three whose close proximity to each other suggests that they
comprised a transverse row (Fig. 9E–J) and a fourth separated
from the three may be part of the same row (Fig. 9K, L). At least
one more osteoderm would be in this row since all have projec-
tions and recesses on their lateral and medial margins. The three
osteoderms in a row are distinct suggesting that if one (Fig. 9I, J)
is a paramedian, then there were at least four osteoderms on
each side of a transverse row in the cervical region. According
to this interpretation, one osteoderm (Fig. 9E, F) would be more
laterally placed. This osteoderm differs from the others in the
row by its greater ventral curvature and greatly thickened ante-
romedial corner that is covered ventrally by many ridges and
deeply incised grooves. This rugose region may be the attach-
ment site for a myoseptal ligament between a cervical rib and
osteoderm. The fourth osteoderm in this set is extremely similar
to one of the three in a row. Its shape is also a mirror image of
this osteoderm, indicating that it is from the opposite side of the
row. The dorsal eminence rises only slightly above the pitting

and does not extend anteriorly to the sulcus. In several osteo-
derms, the dorsal eminence is restricted to the posterior half of
the osteoderm.
Anterior Dorsal Osteoderms—As there is no clear demarca-

tion between the cervical and anterior dorsal regions and most
of the osteoderms from these regions are scattered, only those
osteoderms clearly associated with the more posterior of the
anterior dorsals likely belong to this region. Most of these
osteoderms are from the most lateral longitudinal row on the
left side. The more posterior members of this row have a
rounded lateral edge (Fig. 10A, B) whereas more anteriorly
the lateral margin is straight (Fig. 10C, D). The dorsal emi-
nence is more pronounced than in the cervicals and located
close to the suture with the next medial row. It also extends
further anteriorly to almost reach the sulcus. Weems (1980)
estimated a minimum of three longitudinal rows, but this num-
ber cannot be confirmed.
Posterior Dorsal Osteoderms—The most lateral osteoderms

within many of the transverse rows were associated with the ribs
and vertebrae (Weems, 1980:pl. 11) in their apparent correct
anterior to posterior sequence. The more anterior of these later-
al osteoderms (Fig. 10E, F) has a gentle curvature and a large
portion lateral to the dorsal eminence. There is a gradual in-
crease in the amount of curvature and a relative decrease in the
size of the osteoderm lateral to the dorsal eminence in the more
posterior osteoderms (Fig. 10G, H). The dorsal eminence is
located at the point of inflection. The increase in curvature evi-
dently continued back to the pelvic region as shown by very
strongly curved, more medial osteoderms found with the pelvic
girdle and caudal vertebrae that are either from the posterior
dorsal or pelvic regions (Fig. 10I, J).
The only articulated set of plates clearly associated with

the posterior dorsal vertebrae (Fig. 10K) provides significantly
more information on the osteoderms of this region. The lon-
gest articulated transverse row consists of eight osteoderms
with four on each side of the midline (Weems, 1980).
At least one additional longitudinal row would have been
present. The dorsal eminence is more pronounced than on the
anterior dorsal and cervical osteoderms and located along
the midline of the osteoderm with the exception of those in
the lateralmost longitudinal row. The length of the osteo-
derms in a transverse row increases laterally with the greatest
increase along the articular facet. The fourth osteoderm from
the midline has a stronger curvature than the others in the
same transverse row.
Pelvic and Sacral Osteoderms—A series of four unusually

shaped osteoderms are associated with the right and left ilia
(Fig. 11A, B). The lateral edge is not sutured to other osteoderms
indicating that they are the most lateral in each transverse row.
Unlike other osteoderms of Doswellia, the two middle pelvic
osteoderms in the series are deeply sutured along their anterior
and posterior margins in addition to their medial edge. Each osteo-
derm is strongly curved forming a narrow space between the later-
al and medial portions that apparently would fit along the dorsal
edge of the ilium. The dorsal eminence is located along this line of
curvature. The anterior osteoderm is sutured to the next posterior
one, but the anterior end tapers to a blunt tip with only a rough-
ened ventral surface to indicate contact with the next anterior
osteoderm. The last osteoderm in the series, thought by Weems
(1980) to be the first caudal osteoderm, has a thinner posterior
margin with reduced ridges for sutural contact with the next poste-
rior osteoderm. It is also interesting because it has a medial
suture next to the dorsal eminence unlike the other osteoderms.
However, it is unlikely that this suggests that the other osteoderms
are formed by the fusion of two separate pieces (Weems, 1980)
because none shows any evidence of a suture next to the dorsal
eminence. A possible transitional osteoderm between the pelvic
and caudal series from the opposite side was clearly sutured along

FIGURE 8. Doswellia kaltenbachi (USNM 244214). A, B, left second
sacral rib in dorsal (A) and ventral (B) views; C, D, right third sacral rib
in dorsal (C) and ventral (D) views; E, F, right first caudal rib in dorsal
(E) and ventral (F) views; G, H, right fourth caudal rib in dorsal (G) and
ventral (H) views; I, J, gastral “rib” in ventral (I) and dorsal (J) views.
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its anterior and medial borders, but, like most other osteoderms,
has a thinner posterior edge with transverse ridges that overlapped
the next posterior osteoderm (Fig. 11C, D).
Several mostly fragmentary osteoderms found between the

widely separated halves of the pelvic girdle are probably those

above the sacral vertebrae (Fig. 11E, F). As described by Weems
(1980), the width of each osteoderm is close to or greater than its
length.
Caudal Osteoderms—Scattered osteoderms associated with

the jumbled caudal vertebrae are primarily caudal osteoderms,

FIGURE 9. Osteoderms ofDoswellia kaltenbachi (USNM 214823).A–D, portions of sutured nuchal osteoderms in dorsal (A, B) and ventral (C,D)
views; E–L, cervical osteoderms in dorsal (E, G, I, K) and ventral (F, H, J, L) views.
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but probably include some from the sacral region. More proxi-
mal caudal osteoderms (Fig. 11G, H) have a similar shape to
the sacral osteoderms, whereas those found alongside more
distal caudal vertebrae have a greater anteroposterior length

(Fig. 11I, J). The dorsal eminence remains prominent on the
proximal osteoderms, but is absent on one lateral osteoderm
(Fig. 11K, L). The latter has the same anteroposterior length as
a more medial osteoderm with a dorsal eminence (Fig. 11I, J),

FIGURE 10. Dorsal osteoderms of Doswellia kaltenbachi (USNM 244214). A–D, anterior dorsal osteoderms in dorsal (A, C) and ventral (B, D)
views; E–J, posterior dorsal osteoderms in dorsal (E, G, I) and ventral (F, H, J) views; K, portion of mostly articulated posterior dorsal osteoderms in
dorsal view.

70 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 29, NO. 1, 2009



indicating that there is a lateral reduction and loss of the dorsal
eminence in transverse rows of caudal osteoderms. A smaller,
more distal caudal osteoderm located more medially in a trans-
verse row lacks a dorsal eminence, but does have the small pits
found on the dorsal eminence (Fig. 11M, N).
Possible Appendicular Osteoderm—A small, flat, and thin

piece of bone with an irregular shape (Fig. 12) lacks association
with any element of the skeleton. It has a few small and scat-
tered pits and a slightly sculptured edge, but has no sutural
contacts with another element. It did not overlap nor was it
overlapped by another bone. Its shape is similar to that of

possible appendicular osteoderms in other archosaurs (Clark
et al., 2000; Sues et al., 2003).

Appendicular Skeleton

Clavicle—The slender right clavicle has a dorsal segment at-
tached to the anterior edge of the scapulocoracoid that twists
anteriorly and ventrally towards the interclavicle (Fig. 13A–C).
Scattered ridges are present on the flattened lateral side of the
dorsal segment. Along the ventrolateral surface at the corner
between the tall dorsal segment and the smaller, flattened

FIGURE 11. Pelvic, sacral, and caudal osteoderms of Doswellia kaltenbachi (USNM 244214). A, B, pelvic osteoderms associated with left ilium in
lateral (A) and medial (B) views; C, D, probable transitional osteoderm between pelvic and caudal osteoderms in dorsal (C) and ventral (D) views;
E, F, sacral osteoderm in dorsal (E) and ventral (F) views; G-N, caudal osteoderms in dorsal (G, I, K, M) and ventral (H, J, L, N) views.
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ventral segment, there is a thin flange with a rugose margin
(Fig. 13A, B).

Interclavicle—The cruciform interclavicle (Fig. 13D) has a
thin, dorsally concave posterior blade. Anteriorly, a pair of deep
recesses for the reception of the clavicles are separated by only a
narrow median strip of bone.

Ilium—The dorsal blade of the very distinctive ilium
(Fig. 14A, B) is deflected laterally so that the plesiomorphically
medial side faces dorsally. A portion of the dorsal edge of the
iliac blade ends abruptly at a flat surface indicating a continua-
tion in cartilage. Many fine, parallel ridges are present along
both sides of the dorsal edge of the iliac blade. An especially
well-developed field of ridges extends across two-thirds of the
dorsally facing side of the iliac blade from the anterior corner.
Ridges on the ventrally facing side of the iliac blade are also
largely confined to the anterior two thirds of the dorsal edge.
Both sets of ridges are likely attachment sites for the longissimus
and iliocostalis muscle groups. A large, oval articular surface
for the second sacral rib and a posterior, narrower one for the
blade-like third sacral rib are between the iliac blade and acetab-
ular region. The acetabulum has a prominent shelf along its
dorsal rim.

Ischium—As observed by Weems (1980), a large area of the
right ischium has a growth of spongy bone with a roughened,
irregular surface that may be the result of a bone infection
(Fig. 14C). The left ischium is not preserved. The ischia
met along the midventral side of the pelvic girdle. A damaged,
posteriorly directed projection on the posterior end of the ischi-
um (Fig. 14C, D) is probably the ischial tuberosity from which

Mm. ischiocaudalis and flexor tibialis internus may have arisen
(Hutchinson, 2001).
Pubis—The large, plate-like pubis (Fig. 14E) makes only a

small contribution to the acetabulum. The pubic tubercle, the
likely attachment point for the ambiens and abdominal oblique
muscles (Dilkes, 2000; Hutchinson, 2001) rather than M. rectus
abdominis (Weems, 1980), is reduced in size compared to those
of other archosauromorphs such as rhynchosaurs and proterosu-
chids. The obturator foramen is an oval opening just beneath the
acetabulum. A circular hole found only on the left pubis is a
puncture left by a tooth of a predator or scavenger, most likely
a phytosaur (Weems, 1980). The right pubis has a small, rugose
area on its lateral side between the obturator foramen and ace-
tabulum suggesting that the probable bone infection on the right
ischium had spread to the pubis.
Femur—The poorly preserved left femur of USNM 186989 is

crushed and many areas of the bone surface are highly fractured
or missing (Fig. 15). The original preparation also removed
significant regions of the bone surface. The femur has a
sigmoidal shape, but there are no visible external features
such as a fourth trochanter or scars indicating the attachment of
thigh muscles.

PHYLOGENETIC ANALYSIS

Doswellia kaltenbachi has long been a phylogenetic enigma
among Triassic diapsid reptiles. While the evidence strongly indi-
cates placement of Doswellia among the Archosauria as tradi-
tionally conceived (Weems, 1980), support for a more precise
placement among the many archosaurian clades has remained
elusive. Certain features such as the extensive dermal armor,
long, slender snout, and horn-like extensions of the squamosals
of Doswellia are shared with crocodylomorphs and phytosaurs,
but relationships with either group were dismissed by Weems
(1980) on the basis of other characters of Doswellia, including
the plate-like structure of the pelvis with a laterally deflected
ilium, absence of ventral keels on the cervical centra, and the
greater number of sacral vertebrae. Weems rejected a relation-
ship with aetosaurs (Stagonolepididae) because the osteoderms
ofDoswellia are clearly distinctive in the number of sagittal rows
and the absence of any ventral osteoderms although Bonaparte
(1982) did classify Doswellia with aetosaurs. He was only able to
conclude that, at best, the shared presence of elongate snouts,
teeth on the pterygoid, and the absence of postfrontals suggested
a possible relationship with a lineage of proterosuchids and pro-
terochampsids. Nonetheless, Weems (1980) decided that the best
compromise given the incompleteness of the skeletal material, its
obvious distinctiveness, and lack of clear evidence of affinities
with any established group of archosaurs was to erect a new
“thecodontian” suborder solely for the reception of Doswellia.
In the only cladistic analysis to include Doswellia (Benton and

Clark, 1988), a sister group relationship with proterochampsids
was hypothesized based upon the shared absence of a postfron-
tal and a reversal of the shape of the pelvis from three-rayed to
massive. Referral to the Proterochampsidae was suggested
(Olsen et al., 1989) but later rejected by Long and Murry (1995)
who could only conclude that Doswellia was likely a very
specialized archosauromorph and perhaps not even an archo-
sauriform. More recently, Lehman and Chatterjee (2005) merely
referred to Doswellia as an archosauriform.

Methods

A data matrix of 15 taxa and 85 characters was constructed to
determine the most likely phylogenetic position of Doswellia
among archosauriforms. Taxa included two archosauromorph
outgroups (Mesosuchus and Prolacerta) determined by previous
analyses to be most closely related to archosauriforms (Dilkes,

FIGURE 12. Doswellia kaltenbachi (USNM 244214). A, B, possible
appendicular osteoderm in dorsal (A) and ventral (B) views.

FIGURE 13. Appendicular elements of Doswellia kaltenbachi (USNM
244214).A–C, right clavicle in posterior (A), lateral (B), and anterior (C)
views; D, interclavicle in ventral view.
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1998; Modesto and Sues, 2004) and thirteen ingroup taxa consist-
ing of Proterosuchus, Euparkeria,Doswellia, Erythrosuchus, Pro-
terochampsidae, Parasuchus (“Paleorhinus”), Stagonolepididae,
Gracilisuchus, Scleromochlus, Marasuchus, Turfanosuchus, Yon-
ghesuchus, and Qianosuchus. Data for Proterosuchus, Eupar-
keria, Erythrosuchus, Paleorhinus, Gracilisuchus, Scleromochlus,
Marasuchus, Turfanosuchus, Yonghesuchus, and Qianosuchus
were obtained primarily from the literature (Ewer, 1965;
Romer, 1972a; Chatterjee, 1978; Sereno and Arcucci, 1994; Wel-
man, 1998; Benton, 1999; Wu and Russell, 2001; Wu et al., 2001;
Gower, 2003; Senter, 2003; Li et al., 2006) and supplemented by
personal observations of Proterosuchus, Euparkeria, andGracili-
suchus. The present study is the first to include Turfanosuchus,
Yonghesuchus, and Qianosuchus in a single phylogenetic analy-
sis. Proterochampsidae is a composite taxon based upon Proter-
ochampsa barrionuevoi (Sill, 1967; personal observation) and
Chanaresuchus bonapartei (Romer 1971, 1972b; personal obser-
vation). Similarly, the scorings for Stagonolepididae are derived
from Stagonolepis and Aetosaurus (Walker, 1961; Gower and
Walker, 2002).
The character-taxon matrix was analyzed with PAUP* 4.0b10

(Swofford, 2002). All characters were run unordered and given
equal weight, and multistate characters were treated as poly-
morphisms. The branch-and-bound algorithm was selected to
search for the most parsimonious cladograms. DELTRAN char-
acter state optimization was chosen. Assessment of the relative
support for nodes in the most parsimonious cladograms was
determined by bootstrap analysis and Bremer decay analysis
(Bremer, 1988). The branch-and-bound option was selected for
the bootstrap with 1,000 replicates. Only those groups with
>50% frequency were kept. Bremer support was calculated with
the program TreeRot (Sorenson, 1999).

Results

A single most parsimonious tree was obtained (Fig. 16) with
a length of 151 steps. This tree has a consistency index (CI)
of 0.5894, homoplasy index (HI) of 0.4172, CI excluding unin-
formative characters of 0.5811, HI excluding uninformative
characters of 0.4189, a retention index (RI) of 0.7033, and a
rescaled consistency index (RCI) of 0.4146. The most basal
nodes are well supported as shown by bootstrap values
larger than 90% and Bremer support numbers of 7 and 9
(Fig. 16). However, both measures of support decrease markedly
at those branches with Erythrosuchus, Doswellia, Protero-
champsidae, Turfanosuchus, Yonghesuchus and the base of
Archosauria.

DISCUSSION

The results of the phylogenetic analysis are largely compatible
with those reported in other papers. Proterosuchus is positioned
as the most basal archosauriform as found in previous phyloge-
netic studies (Benton and Clark, 1988; Juul, 1994; Bennett, 1996;
Benton, 2004). One major difference is the relative positions of
Euparkeria and Erythrosuchus. Previous cladistic studies have
consistently placed Euparkeria closer to the crown-clade Arch-
osauria than Erythrosuchus (Benton, 1985; Gauthier, 1986; Ben-
ton and Clark, 1988; Sereno and Arcucci, 1990; Sereno, 1991;
Juul, 1994; Bennett, 1996; Benton, 2004) whereas the present
analysis reverses this order (Fig. 16). The clade of Erythrosuchus
and derived archosauriforms excluding Euparkeria (node B in
Fig. 16) is supported by a bootstrap value of 68% and a Bremer
value of 1. Node B is supported by four unambiguous characters:FIGURE 14. Pelvic girdle of Doswellia kaltenbachi (USNM 244214).

A, B, left ilium in ventrolateral (A) and dorsomedial (B) views; C, D,
right ischium in ventral (C) and dorsal (D) views; E, left pubis in ventro-
lateral view.

FIGURE 15. Left femur of Doswellia kaltenbachi (USNM 186989) in
dorsal (A) and ventral (B) views.
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a simple vertical or diagonal contact between the premaxilla and
maxilla (character 7), a reversal to the absence of an anterior
surangular foramen (character 43), mostly dichocephalous
trunk ribs (character 52), and a non-bifurcate second sacral rib
(character 53).

In many cases, characters that in previous studies have sup-
ported a relationship between Euparkeria, proterochampsids, and
archosaurs excluding Erythrosuchus are actually present in ery-
throsuchids. These characters include the presence of an antorbital
fossa (Benton, 1985; Benton and Clark, 1988; Sereno and Arcucci,
1990; Juul, 1994), absence of a parietal foramen (Benton, 1985;
Benton and Clark, 1988; Juul, 1994; Bennett, 1996), presence of
thecodont dentition (Benton, 1985; Benton and Clark, 1988), ribs
all single- or double-headed (Benton, 1985; Benton and Clark,
1988), presence of dorsal body osteoderms (Benton, 1985; Benton
and Clark, 1988; Sereno and Arcucci, 1990, Sereno, 1991), a scapu-
la with a length that is more than twice its maximum width (Ben-
ton, 1985; 2004), loss of the astragalocalcaneal canal (Sereno and
Arcucci, 1990; Sereno, 1991), loss of distal tarsals 1 and 2 (Sereno
and Arcucci, 1990; Sereno, 1991), and a pedal digit IV that is
significantly shorter than pedal digit III (Sereno and Arcucci,
1990; Sereno, 1991; Bennett, 1996). Erythrosuchus has an antorbi-
tal fenestra, teeth that are distinctly thecodont, two-headed ribs,
dorsal osteoderms, a tall scapula with a length greater than twice
the maximum width, and a pedal digit IV that is shorter than pedal
digit III (Smith and Swart, 2002; Gower, 2003). Furthermore,
Erythrosuchus probably lacks a parietal foramen (Gower, 2003),
which is also absent in Proterosuchus (Welman, 1998),
and lacks an astragalocalcaneal canal and distal tarsals 1 and 2
(Gower, 2003).

Several other characters used to exclude Erythrosuchus from a
clade of Euparkeria, proterochampsids, and archosaurs are prob-
lematic because they cannot be scored for Erythrosuchus either
due to the incompleteness of specimens or the character lacks a
clear definition. These characters include a well-developed otic
notch (Benton, 1985; Benton and Clark, 1988), an interclavicle

with reduced, tab-like lateral processes (Sereno, 1991), presence
of “archosaur humerus” (Bennett, 1996), ulna much stouter than
radius (Bennett, 1996), asymmetry of manus with digits I and II
stouter than digits IV and V which are reduced and divergent,
and digit III is longest (Bennett, 1996), pelvis markedly three-
rayed (Benton, 1985), strongly downturned pubic tuber (Benton,
2004), hindlimbs placed under body (also referred to as a semi-
erect or erect posture) (Benton, 1985; Benton and Clark, 1988;
Bennett, 1996), femur with markedly sigmoidal curvature
(Sereno and Arcucci, 1990; Sereno, 1991; Bennett, 1996), and
significant rotation between astragalus and calcaneum (Benton,
1985; Benton and Clark, 1988) that was incorporated in the
character of a crocodyloid tarsus by Bennett (1996). The inter-
clavicle is unknown for Erythrosuchus and the manus is incom-
plete in the available specimens (Gower, 2003). No clear,
consistent features of an “archosaur humerus” have been
defined, and distal condyles of the humerus that are less ventral-
ly directed (Bennett, 1996) appear to be true for Erythrosuchus
(Gower, 2003). A measure of the relative stoutness of the ulna
and radius is lacking (Bennett, 1996), thus this character is diffi-
cult to score for Erythrosuchus. A pelvic girdle with three rays
and a strongly downturned pubic tuber differs from the broad,
plate-like pelvis of more plesiomorphic archosauromorphs such
as Mesosuchus and Prolacerta (Dilkes, 1998). However, the pel-
vis of Erythrosuchus is actually more similar to that of Eupar-
keria than to that of Prolacerta (Ewer, 1965; Gower, 2003).
Posture of the hindlimbs is difficult to assess, as there exists a
continuum between sprawling and erect postures. Erythrosuchus
was likely intermediate between sprawling and erect postures
though perhaps closer to erect depending upon amount of femo-
ral rotation during locomotion (Kubo and Benton, 2007). The
degree of sigmoidal curvature of the femur is difficult to mea-
sure even without the complication of distortion by crushing.
The curvature of femora of basal archosauromorphs such as
Mesosuchus and Prolacerta is very similar to that of femora in
more derived taxa such as Euparkeria (Ewer, 1965; Dilkes,

FIGURE 16. Results of phylogenetic analysis.A, single most parsimonious cladogram. Numbers are Bremer support values and capital letters refer
to nodes listed in Appendix 3; B, bootstrap analysis results with support values. All nodes with less than 50% support are collapsed.
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1998). Erythrosuchus has a femur with some curvature, more so
than present in the femur of Proterosuchus (Gower, 2003). Last-
ly, a complex articulation between the astragalus and calcaneum
that allows rotational movement may not be present in Eupar-
keria that may share mesotarsal ankle structure with Erythrosu-
chus (Gower, 1996).
Doswellia is the sister taxon of Proterochampsidae united by

the unambiguous characters of the absence of the postfrontal
and a reversal to the plesiomorphic structure of an ischium with
a small posteroventral process. Absence of the postfrontal has
been proposed previously as a shared derived feature of Doswel-
lia and proterochampsids (Benton and Clark, 1988). This node
of the cladogram is supported by a Bremer value of 1, but col-
lapses in the bootstrap cladogram.
One other important result of the present analysis is the poor

support for Archosauria as measured by bootstrap and Bremer
decay analysis (Fig. 16). Only two characters, viz. absence of
teeth on the pterygoid and a gentle posteroventral curvature of
the cervical ribs, support Archosauria as opposed to six charac-
ters listed in the most recent phylogenetic review of archosaurs
(Benton, 2004). These six characters are: 1) absence of teeth on
palatine and vomer, 2) manual digit IV with four or fewer pha-
langes, 3) ventral astragalocalcaneal articular facet larger than
the dorsal articulation, 4) calcaneal tuber oriented more than 45�
posterolaterally, 5) articular surfaces for fibula and distal tarsal 4
on calcaneum are continuous, and 6) articular facet for metatar-
sal V on distal tarsal 4 is less than half of the lateral surface of
distal tarsal 4. The critical distinction is the addition of Turfano-
suchus, Yonghesuchus, and Qianosuchus to the present study
that have shown the previously proposed synapomorphies either
have a more inclusive distribution or have equivocal assign-
ments. Teeth are absent from the palatine of Turfanosuchus,
absent from both the palatine and vomer of Qianosuchus, and
unknown for the vomer of Turfanosuchus and the vomer and
palatine of Yonghesuchus (Wu and Russell, 2001; Wu et al.,
2001; Li et al., 2006). Absence of teeth on the vomer and pala-
tine (designated as separate characters in the present study) is
equivocal and no longer supports Archosauria. However, teeth
remain on the palatal ramus of the pterygoid in Turfanosuchus
and Yonghesuchus (Wu and Russell, 2001; Wu et al., 2001), and
demonstrate that the absence of at least one region of palatal
teeth remains a viable archosaurian synapomorphy. The number
of phalanges on manual digit IV is a character of uncertain
utility because it cannot be scored for the majority of taxa in
the present study. The relative size of the ventral astragalocalca-
neal articular facet is unknown for Turfanosuchus and Yonghe-
suchus (Wu and Russell, 2001; Wu et al., 2001), and may
diagnose a more inclusive clade than Archosauria. Posterolateral
orientation of the calcaneal tuber and continuous articular sur-
faces on the calcaneum for the fibula and distal tarsal 4 are
present in Turfanosuchus and unknown in Yonghesuchus, and
diagnosis Node E of the cladogram (Fig. 16). The relative size
of the articular facet for metatarsal V on distal tarsal 4 is un-
known for Turfanosuchus and Yonghesuchus, and would have an
equivocal distribution on the cladogram.
The relative positions of Parasuchus and Gracilisuchus

(Fig. 16) differ from previous studies (e.g. Benton and Clark,
1988; Sereno, 1991; Parrish, 1993; Juul, 1994) where phytosaurs
are placed near the base of Crurotarsi, below Gracilisuchus,
stagonolepidids, crocodylomorphs, and the various “rauisu-
chian” taxa. In this study, Gracilisuchus is at the base of
Crurotarsi whereas Parasuchus is placed as the sister taxon to
Stagonolepididae above Qianosuchus. Node H (Qianosuchus,
Parasuchus, and Stagonolepididae) is diagnosed by the absence
of a shelf/ridge along the dorsal margin of the antorbital fossa
that extends across the lacrimal, prefrontal, frontal portion of
orbit, and postorbital (character 16), a more vertical orientation
of the basisphenoid (character 28), and a robust, pendent fibular

cranial trochanter (character 67). Parasuchus and Stagonolepidi-
dae (node I) are separated from Qianosuchus by the synapomor-
phies of an entrance of the anterior end of the jugal into the
antorbital fenestra (character 14) and a carapace of dermal
osteoderms on the ventral side of the body (character 85). Sup-
port for this arrangement is relatively strong with a Bremer
value of 2 for nodes H and I and bootstrap values of 81% and
85% for nodes H and I, respectively.
In summary, Doswellia is an archosauriform reptile closely

related to but not part of Archosauria. It is the sister taxon to
Proterochampsidae as proposed previously (Benton and Clark,
1988). This relationship and the placements of Turfanosuchus
and Yonghesuchus are not as strongly supported as other nodes
due to the incomplete material presently available for these taxa.
Nonetheless, the data do support the hypotheses that Qianosu-
chus is a crurotarsan archosaur and Turfanosuchus and Yonghe-
suchus are not archosaurs. The hypothesized relationship
between Doswellia and Proterochampsidae is of paleobiogeo-
graphic interest. The traversodont cynodont Boreogomphodon
from correlative strata in the neighboring (and originally
connected) Richmond basin of the Newark Supergroup in Virgi-
nia is most closely related to basal traversodont taxa from south-
ern Africa and Brazil (Sues and Olsen, 1990; Sues and Hopson,
unpublished data). Thus, Doswellia would represent an addition-
al “Gondwanan” element in the faunal assemblage from the
Richmond and Taylorsville basins.
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APPENDIX 1. Description of characters used in phylogenetic analysis.
The bracketed number (0, 1, or 2) refers to the character state listed for
the character.
1. Lower temporal (infratemporal) fenestra: present and open ventrally

(0); present and closed ventrally (1); absent (2) (Dilkes, 1998).
2. Antorbital fossa, depressed regions on maxilla and lacrimal forming

a definite inset margin to the antorbital fenestra: absent (0); present
(1) (Benton, 2004).

3. Antorbital fenestra: absent (0); present (1) (Dilkes, 1998).
4. Shape of premaxilla: downturned ventral margin (0); horizontal ven-

tral margin (1) (modified from Dilkes, 1998).
5. External nares location: close to midline and near tip of rostrum (0);

marginal and near tip of rostrum (1); close to midline and posteriorly
situated (2) (modified from Dilkes, 1998).

6. Lacrimal: contacts nasal, but does not reach external naris (0); does
not contact nasal or reach naris (1) (modified from Dilkes, 1998).

7. Form of suture between premaxilla and maxilla above dentigerous
margin: notch present in maxilla (0); simple vertical or diagonal
contact (1) (modified from Dilkes, 1998).

8. Location of nasolacrimal canal foramen/ina: in lacrimal (0); between
lacrimal and prefrontal (1) (Senter, 2003).

9. Ratio of lengths of nasal and frontal: �1.0 (0); >1.0 (1) (Dilkes,
1998).

10. Postfrontal: present (0); absent (1) (modified from Benton, 2004).
11. Parietal foramen: present (0); absent (1) (Dilkes, 1998).
12. Postparietals: present and fused (0); absent (1) (modified from Juul,

1994).
13. Supratemporal: present (0); absent (1) (Dilkes, 1998).
14. Anterior end of jugal: enters into antorbital fenestra (0); excluded by

the contact of the maxilla and lacrimal (1) (Clark et al., 2000).
15. Squamosal overhanging quadrate and quadratojugal laterally: absent

(0); present (1) (modified from Benton, 2004).
16. Dorsal margin of antorbital fossa is a shelf/ridge that extends across

lacrimal, prefrontal, frontal portion of orbital rim, and postorbital:
absent (0); present (1) (new character).

17. Depression on descending process of postorbital: absent (0); present
(1) (Wu et al., 2001).

18. Quadratojugal: present without an anterior process (0); present with
an anterior process that contacts jugal (1) (modified from Dilkes,
1998).

19. Contact between ectopterygoid and maxilla: absent (0); present (1)
(Dilkes, 1998).

20. Orientation of basipterygoid processes: anterolateral (0); lateral (1)
(Dilkes, 1998).

21. Position on basisphenoid of foramina of cerebral branches of
internal carotid arteries leading to the pituitary fossa: posterior/pos-
teroventral (0); lateral (1) (Parrish, 1993).

22. Exoccipitals and opisthotics: discrete (0); fused (1) (Juul, 1994).
23. Number of foramina for hypoglossal nerve: two (0); one (1)

(Gower and Sennikov, 1996).
24. Anteroventral process of prootic below trigeminal foramen: lateral

ridge present (0); lateral ridge absent (1) (Gower and Sennikov,
1996).

25. Position of external abducens foramen on prootic: ventral (0);
anterior (1) surface (Benton, 2004).

26. Laterosphenoid: absent (0); present (1) (Dilkes, 1998).
27. Position of occipital condyle: anterior to craniomandibular joint (0);

even with craniomandibular joint (1); posterior to craniomandibular
joint (2) (modified from Dilkes, 1998).

28. Orientation of basisphenoid: horizontal (0); more vertical (1)
(Gower and Sennikov, 1996).

29. Parabasisphenoid plate between cristae ventrolaterales: intertuberal
plate present (0); absent (1) (Gower and Sennikov, 1996).

30. Semilunar depression on parabasisphenoid: present (0); absent (1)
(Gower and Sennikov, 1996).

31. Association between paroccipital process and parietal: no
contact (0); contact present immediately lateral to supraoccipital (1)
(modified from Dilkes, 1998).

32. Medial margin of exoccipitals: no contact (0); contact to exclude
basioccipital from floor of braincase (1) (Gower and Sennikov, 1996).

33. Anterior and posterior edges of marginal teeth: serrations absent (0);
serrations present (1) (Dilkes, 1998).

34. Curvature of marginal teeth: absent (0); present (1) (Dilkes, 1998).
35. Cross-sectional shape of marginal teeth: oval (0); laterally com-

pressed (1) (Dilkes, 1998).
36. Posterior extent of mandibular and maxillary tooth rows: subequal

(0); unequal with the maxillary tooth extending further posteriorly
(1) (Bennett, 1996).

37. Vomerine teeth: present (0); absent (1) (Dilkes, 1998).
38. Palatine teeth: present (0); absent (1) (Dilkes, 1998).
39. Teeth on palatal ramus of pterygoid: present (0); absent (1)

(modified from Dilkes, 1998).
40. Teeth on transverse flange of pterygoid: single row (0); absent (1)

(modified from Dilkes, 1998).
41. Pterygoids: join anteriorly (0); remain separate (1) (Dilkes, 1998).
42. Lateral mandibular fenestra: absent (0); present (1) (Dilkes, 1998).
43. Anterior surangular foramen: absent (0); present (1) (Modesto and

Sues, 2004).
44. Posterior surangular foramen: absent (0); present (1) (Modesto and

Sues, 2004).
45. Postaxial cervical intercentra: present (0); absent (1) (Dilkes, 1998).
46. Dorsal vertebrae intercentra: present (0); absent (1) (Dilkes, 1998).
47. Ratio of lengths of centra of mid-cervical and mid-dorsal vertebrae:

�1.0 (0); >1.0 (1) (modified from Dilkes, 1998).
48. Neural arches of mid-dorsals: deep excavation (0); no excavation or

shallow excavation (1) (modified from Dilkes, 1998).
49. Distal ends of cervical neural spines: no expansion (0); expansion

present in form of a flat table (1) (Dilkes, 1998).
50. Distal ends of dorsal neural spines: no expansion (0); expansion

present in form of a flat table (1) (modified from Dilkes, 1998).
51. Cervical ribs: sharp angle between heads and shaft such that rib lies

close to cervical vertebrae (0); gentle curvature of shaft in a poster-
oventral direction (1) (New character).

52. Trunk ribs: mostly holocephalous (0); mostly dichocephalous (1)
(Dilkes, 1998).

53. Second sacral rib: bifurcated (0); not bifurcated (1) (modified from
Dilkes, 1998).

54. Interclavicle lateral processes: elongate, making interclavicle
T-shaped (0); reduced (1) (Benton, 2004).

55. Anterior margin of interclavicle: notch present between articular
facets for clavicles (0); narrow and bluntly pointed separation be-
tween articular facets for clavicles (1) (modified from Dilkes, 1998)

56. Posterior stem of interclavicle: little change in width along entire
length (0); expansion present (1) (Dilkes, 1998).

57. Scapulocoracoid notch at anterior junction of scapula and coracoid:
absent (0); present (1) (Benton, 2004).

58. Shape of scapular blade: tall and rectangular with height/maximum
width of base �2.0 (0); tall and narrow with height/maximum width
of base >2.0 (1) (modified from Bennett, 1996 and Dilkes, 1998).

59. Forelimb-hindlimb length ratio: > 0.55 (0); < 0.55 (1) (Benton, 2004).
60. Dorsal margin of ilium: convex with broadly rounded anterior and

posterior ends (0); straight or with only a portion slightly convex and
bluntly pointed anterior and posterior ends (1) (modified from
Dilkes, 1998).

61. Preacetabular process on iliac blade: absent (0); present (1) (Benton,
2004).

62. Pubic tubercle: prominent (0); reduced to rugosity (1) (Hutchinson,
2001).
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63. Ischium caudoventral process: small and ischium shorter than iliac
blade (0); large and ischium longer than the iliac blade (1) (Benton,
2004).

64. Fourth trochanter of femur: absent (0); present (1) (modified from
Juul, 1994).

65. Intertrochanteric fossa on ventral aspect of proximal portion of fe-
mur: present (0); absent (1) (Benton, 2004).

66. Tibia-femur ratio: <1.0 (0); �1.0 (1) (Benton, 2004).
67. Fibular cranial trochanter (insertion site for iliofibularis muscle): low

rugosity (0); robust pendent trochanter (1) (Benton, 2004).
68. Astragalocalcaneal canal: present (0); absent (1) (Bennett, 1996).
69. Crural facets on astragalus: separated by a non-articular surface (0);

continuous (1) (Sereno, 1991).
70. Orientation of calcaneal tuber: lateral (0); deflected more than 45�

posterolaterally (1) (Sereno, 1991).
71. Articular surfaces for fibula and distal tarsal IV on calcaneum:

separated by a non-articular surface (0); continuous (1) (Sereno,
1991).

72. Hemicylindrical calcaneal condyle for articulation with fibula: absent
(0); present (1) (Parrish, 1993).

73. Astragalar tibial facet: concave (0); saddle-shaped (1) (Sereno, 1991).
74. Calcaneal tuber shaft proportions: taller than broad (0); broader

than tall (1) (Sereno, 1991).

75. Calcaneal tuber distal end: anteroposteriorly compressed (0); round-
ed (1) (Sereno, 1991).

76. Ventral astragalocalcaneal articular facet: small (0); larger (1) than
dorsal articulation (Sereno, 1991).

77. Centrale: present (0); absent (1) (Benton, 2004).
78. First and second distal tarsals: present (0); absent (1) (modified from

Dilkes, 1998).
79. Metatarsus configuration: metatarsals diverging from ankle (0); com-

pact metatarsus with metatarsals I-IV tightly bunched (1) (Benton,
2004).

80. Metatarsal II-IV length: less than (0); greater (1) than 50% of tibial
length (Benton, 2004).

81. Ratio of lengths of pedal digits III and IV: �1.0 (0); >1.0 (1) (Sereno
and Arcucci, 1990).

82. Phalanges/phalanx on pedal digit V: present (0); absent (1)
(Juul, 1994).

83. Ratio of lengths of pedal digits V and I: >1.0 (0); <1.0 (1)
(Juul, 1994).

84. Dorsal body osteoderms: absent (0); present in one or more rows (1)
(modified from Bennett, 1996).

85. Dermal osteoderms on ventral side of body: absent (0);
articulate and form a carapace (1) (modified from Heckert and
Lucas, 1999).
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APPENDIX 3. List of unambiguous characters supporting nodes of
the most parsimonious cladogram. A letter corresponding to the let-
ters in Fig. 16 represents unnamed clades. A negative sign indicates a
reversal in the evolution of the character state.
Archosauriformes: 1, 3, -12, 18, 20, 26, 33, 42, -45, 60.
Node A: 2, 4, 13, 22, 24, 25, 54, 58, 61, 62, 63, 68, 69, 77, 78, 84.
Node B: 7, -43, 52, 53.
Node C: 16, 17, 30, -44, 45, 46, 48, 82.
Node D: 10, -63.
Node E: 70, 71.
Node F: 21.
Archosauria: 39, 51.
Node G: -41, 57, 73, 74, 75.
Node H: -16, 28, 67.
Node I: -14, 85.
Node J: -20, 59, 66, 79, 80, -84.
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